by peer review, could easily get a different impression from that of the coregroup.
So much for the inhabitants of other planets, but they have their equivalents here on Earth. Visualize the consumers of scientific papers arranged in rings, as on a target (see Figure 1) . 1 In the centre of the target is the core-set or core-group of scientists working on a particular problem. The core-set is the set of scientists who are actively engaged in experimentation or important theorization at the heart of a scientific controversy. 2 They do not usually act as a coherent social group because they can be deeply divided, and may have no social contact outside of formal settings. A core-group, as I define it, can emerge from a core-set embodying what comes to be the dominant view; the remaining members of the coreset become marginalized in one way or another. The core-group is likely to be much more solidaristic than the core-set.
In the ring outside these active researchers are the members of the wider scientific community. Many of these are in no position to understand the meaning of controversial claims in specialisms other than their own until the predominant view appears in digested sources, such as review articles and textbooks. Thus many members of the scientific community who are not members of core-groups are open to alien-like understandings. 3 In the next ring out are policymakers and members of funding agencies. They too may be exposed to a wider variety of interpretations than the core-group thinks proper because every scientist, within or
FIGURE 1 Target Diagram of Consumers of Scientific Papers
without the consensus, claims academic validity when they apply for funds. Thus politicians, policymakers and funders are exposed to every shade of opinion, irrespective of whatever formal or informal digesting processes have taken place. Outside the outer ring of the target are the general public and their representatives, but they do not concern us here.
We already know that the results of experiments, whether or not reported in the journals, mean very different things to scientists in marginal groups, as compared to the mainstream; a positive finding for researchers in a 'rejected science' is merely ill-analyzed noise for the mainstream. 4 What I discuss here, however, is not the meaning of results for competing groups of scientists at the research front, but the meaning of publications to the different layers of the scientific community which are represented on the target diagram, and the way the layers interact.
The question of insiders and outsiders -the relationships of 'natives' and 'strangers' -is a longstanding subject in sociology. 5 One feature of such relationships is that they shift in time and in scale. Thus the target diagram presents a rather simple picture, glossing over fuzzy and changing boundaries. In the field of gravitational waves, 6 Joseph Weber and his allies, all of whom used room-temperature resonant bars in their experiments, began as central members of the core-set, but they were marginalized by a new core-group who used bars cooled by liquid helium, and who searched for a much smaller signal. Certain members of this group, however, published with Weber (see below), and began to be excluded in their turn. Later the growth of interferometric methods reduced the importance of all the resonant-bar work, and there is now a complex interaction between the remaining bar personnel and the core-group of interferometer scientists. In the mean time, new people have come in; a number of theoretical astrophysicists are now within the interferometry core-group, and their estimates of the flux have been in part responsible for the marginalization of the bar scientists; the entry of high-energy physicists drawn to the Big Science of interferometry has changed the picture further. 7 Furthermore, as we move out we find that the definition of 'policymaker' and 'interested scientist' overlap because of the peer-review system used by the funding agencies. But these complexities should not be allowed to mask a deeper and lasting feature of the insider-outsider relation which is specific to the study of scientific knowledge: the group of scientists who work on experiments (or the theory related to those experiments) is far smaller than the set of those who volunteer (or are called upon to form) opinions about their work. It is this difference that is the central explanatory axis of the argument presented here. As for the fuzziness in the boundaries between the outer rings of the diagram, no science is ever perfect. 8 Where the different layers of the scientific community have been discussed before, the argument has turned on the idea that 'distance lends enchantment'. 9 It has been argued that those distant from the research front, and thus not exposed to the art and craft of scientific practice, get a view of science relatively free of doubts and uncertainties; after the closure of a scientific debate, the outsiders treat the digested conclusions that emerge from the core-set as fact-like. Donald MacKenzie has modified the picture with the idea of a 'trough of certainty'. 10 He pointed out that protestors try to re-open technological debates even after core-groups are established. Here I show that policymakers and funders can also be exposed to the uncertainties that are typical of core-sets. I also reveal scientists' fears that other politically motivated non-members of coregroups could re-expose the residual doubts left over from the core-set. Crucially, I show that the interaction between the inner and outer rings of the target diagram in respect of the interpretation of published papers, can be affected by the institutional background.
In addition to these points, one special 'imperfection' in the target model is worth noting. The case of the US National Science Foundation is particularly interesting because its administrators straddle the inner and outer rings of the target diagram. NSF administrators are drawn from the ranks of practising scientists, and return to those ranks from time to time for refreshing sabbaticals. In the case of gravitational waves, for example, Richard Isaacson, the NSF Program Director for Gravitational Physics, is the author of well-respected foundational contributions to the theory of gravitational waves. Thus he is a member of the core-group, as well as being in many ways an administrative champion of the programme. We will see that NSF personnel such as Isaacson played an intermediary rôle, being able to draw on their participant's understanding of both sides of the divide to sensitize the core-group to the potential concerns of the funders.
Tantalus' Task
A treatment that shows that scientists ignore published papers can too easily be taken as an attack on the mainstream scientific community and a defence of those who are ignored. Let me stress that this is emphatically not what is intended. This paper, in so far as I have control over how it is read, is not a defence of, nor an attack on, anyone. I am describing the way the scientific community deals with the impossible project set for it by one idealized model of scientific procedure. This model -we might call it the 'Tantalus Model' -takes it that it is the job of every scientist to eliminate, personally, every doubt about every competing claim. Such a task would be logistically impossible for the community, even if it were not logically impossible for an individual. But it is logically impossible for an individual because of the open-ended nature of human ingenuity: as soon as one loophole in an argument, or in the interpretation of an experiment, has been closed, another opens. Hence, like Tantalus, the scientist who wants to eliminate every loophole finds the goal receding just as he or she reaches for it. For the mainstream scientific community to try to close every loophole available for the critic would spell the death of science; for an individual to try to do so would spell the death of a scientific career. 12 What has to be accomplished is closure 'for all practical purposes'. That different groups of scientists have different views about what constitutes 'closure for all practical purposes' gives rise to the main topic of the sociology of scientific knowledge. Here I document one way in which scientists manage Tantalus' problem in practice, and how some groups try to provide solutions for others. I look at responses to publications in these terms. 13 A subsidiary aim of this paper is to use the sociology of scientific knowledge (SSK) to shed light on the history of a piece of science and to show, inter alia, that SSK is not solely concerned with the big problems of epistemology and ontology. Two other subsidiary aims are to show, in case it should still need showing, that publications alone are not a reliable source for the history of science, and to demonstrate that citation analysis is potentially misleading, at least when the level of aggregation is low. With these themes in mind, I will examine cases of publication spanning the last 25 years in the field of gravitational-radiation research. In an earlier paper I looked at decisions to publish: 14 here, I look at the reception of published papers.
Gravitational Waves since 1975
In brief, gravitational-radiation detection was pioneered by Joseph Weber in the 1960s and 1970s, using relatively cheap 'resonant bars'. In the early 1970s, his pioneer empirical papers came under attack, and by the mid1970s his claims to have detected gravitational waves were largely disbelieved. For his critics, the problem was that gravitational waves seemed much too easy for Weber to see -he was claiming to detect about one thousand million times too much radiation to make sense in terms of standard theories. Later Weber was to set out a theory which suggested that his apparatus was much more sensitive than others had credited: not that he had necessarily been seeing very high fluxes of the waves, but that he had an apparatus which rendered faint sources much more easily visible than had previously been believed possible. For this reason, I am going to refer to Weber's reports as positing the discovery of 'high visibility gravitational radiation', or 'HighVGR'.
Weber and his colleagues continue to publish HighVGR claims up to the present day. It seems that it is not as hard to publish widely doubted results in the physics journals as might be expected. One eminent respondent told me:
In physics it seems much easier to get things published that people are sceptical about, and get them published in reputable journals, than it is in softer areas of science. Perhaps because people view it as less dangerous because you know there will be confirming experiments or confirming theory. It will be proved right or wrong, and if somebody who is relatively eminent, particularly, wants to stick his neck out, a large fraction of the referees will argue for a while and try to get the paper improved, cleaned up, made as solid as possible, and then will say -OK, go ahead and publish it, it's your neck. In [a certain social-scientific] field that just doesn't happen. People block each other from publishing unless it meets community consensus. 15 So I'm not surprised that a paper of [an adventurous] sort would get published. It's almost guaranteed that it would get published after a few rounds of refereeing and arguing. 16 The problem, then, is not so much getting published as getting read. Thus papers published by Weber and others in 1982 and 1996 which were consistent with the existence of HighVGR were ignored by the mainstream community. I believe that this is what ought to be expected. Once the mainstream scientific community has satisfied itself that a set of findings is false, it will solve Tantalus' problem by simply ignoring any further published claims. To use a bodily metaphor, for the core-group it is as though these papers are in a vegetative state; the body of continuing publications is alive, but the scientific soul has departed.
In the case of gravitational-radiation research, however, there is a major anomaly during the post-1975 era of interpretative death: not every paper was ignored. From roughly 1985 to roughly 1995, the middle of the interpretative-death era, Weber's HighVGR claims were systematically attacked in print. According to my main argument, these papers too should have been treated with a metaphorical shrug of the shoulders; the critics should have said, in the phrase of one respondent, 'Ho hum -more of this!'
The attacks on these papers can be understood, I believe, if one considers the context of the funding battle over a new and much more expensive 'inteferometric' technique of gravitational-wave detection. I will argue that the sudden growth of attention to Weber's papers, after they should have been (as far as the core-group was concerned) interpretatively dead, is a consequence of the potential influence of published papers on non-members of the core-group -those not properly socialized into coregroup attitudes. In this case, there was a period when non-core-group scientists and administrators became unusually influential because of the funding process for the new Big Science. Thus, though for the core-group the underlying state of HighVGR gravitational-wave papers after 1975 was vegetative, the anomaly reveals the influence of institutional factors on scientists' decisions to combat radical claims in print, even after they think the claims' scientific soul has long departed.
Approach and Method
The sociology of scientific knowledge (SSK) is a quarter of a century old. It takes it that scientific knowledge is a property of scientific communities and that, like the other kinds of social knowledge, it cannot be reduced to sets of facts, symbols, formulae or rules for the conduct of experiments that would be meaningful to the uninitiated. This way of thinking draws the analyst's attention away from the symbol systems themselves and towards the way they are given meaning. For example, it directs attention toward the way scientists interpret journal papers: two papers might, on the face of it, be similar in terms of their scientific significance, but could still carry very different weights within the scientific community. To learn the answer to the kind of research question thrown up by the SSK approach, it is not enough to examine the journal literature from the outside. 17 The analysis presented here is drawn from a long-running study which aims toward the ideal of comprehension by maximizing interaction with the community under study. 18 In this case, I know the field of gravitational-wave research from studies that I completed in the 1970s, and from much more intense fieldwork begun in 1995. I now know the work and concerns of many of the principal scientists in the area sufficiently well to be able to discuss it with them in a free and easy way. The unattributed quotations in this paper are drawn from interviews and discussions carried out from around 1995 to 1998 in connection with a deep longitudinal study. 19 In a study such as this, in which the aim is to gain comprehension through participation, questions of representativeness of interview material are not as germane as they would be in a survey. I am reporting the general attitude in a group of scientists and using interviews to illustrate what I, the analyst, have understood. The rôle of understanding is especially clear where, as in this case, the numbers involved in core-sets or core-groups are small, and respondents have been able to comment on the completed paper. In spite of this conceptual point, I have used a large number of interview extracts to illustrate the point that certain papers were ignored, and in the case of the critical papers that were published, I have interviewed all the critical authors.
Publication in a Controversial Field: The Case of Gravitational Waves
In the late 1960s and early 1970s, Professor Joseph Weber of the University of Maryland found large numbers of coincident excitations between widely separated and carefully suspended and isolated bars of aluminium alloy. Each bar weighed around two tons, and each was insulated from seismic, electromagnetic, and all other known forces that could be imagined. These experiments were based on Weber's early theoretical work on the detection of gravitational waves. He wrote his first paper on this topic in 1957 with the famous theorist John Wheeler, wrote a conference paper on the topic in 1959, won a prize from the Gravity Research Foundation for an extended essay on the topic (also in 1959), wrote another journal paper in 1960, and published the first textbook in 1961. All this was highly respected work, and was simultaneous with Weber's pioneering work on the maser (the forerunner of the laser), which many believe might well have won him a share of the Nobel Prize for Physics. The Science Citation Index (SCI) for the years 1965-69 shows Weber being cited a total of about 170 times -a respectable but not outstanding number of citations.
Weber's work became controversial in the late 1960s, when he began to report that his experiments were giving positive results. The trouble was that if what he was seeing was gravitational radiation, then, accepting a conventional account of the sensitivity of his apparatus, he was seeing far too much. A number of groups tried to repeat his experiment. 20 The SCI for 1970-74 shows a total of about 700 citations to works by Weber, with about 600 of them referring to the gravitational-wave detection period; during the early 1970s, Weber was one of the most famous physicists in the world. The citation evidence, along with previous analyses, shows that his first series of published gravitational-wave findings was greeted with a seriousness which contrasts greatly with the treatment afforded to his later publications.
By about 1975, Weber's claims ceased to be believed by the majority of physicists, both inside and outside the core-set of gravitational-radiation researchers. 21 The decline in credibility is not reflected in the Science Citation Index until 1978, so that the SCI for 1975-79 still shows a total of about 330 citations to Weber's works. For the 1980-84 SCI, his citations had more than halved again, to about 140, with only 50 or so citations to work produced in the heyday of Weber's detection claims.
It should be borne in mind that Weber is still widely recognized as the pioneer of what should one day become the new science of gravitationalradiation astronomy, and his early papers and his textbook are still admired; it is only the empirical claims (and later theoretical claims) which are suspect. Bearing in mind that there has been a huge growth of interest in gravitational waves in the last decade, and therefore a much greater source literature, the recognition of Professor Weber as a pioneer is still indicated by citations to those of his works which were published before 1980: from 1993 until the middle of 1998, the SCI records more than 200 such citations.
There has been a great growth of interest in gravitational waves because, from the mid-1980s, the field began to transform itself from a 'small science' into a 'Big Science'. The larger part of the gravitationalradiation research community is now involved in work connected with huge interferometers rather than resonant masses. After a long campaign, funding for the American interferometry programme was granted by Congress in 1991 (for FY1992). This programme, which has two interferometers each with arms 4 kilometres long, is known as the Laser Interferometer Gravitational-Wave Observatory (LIGO), and will cost in excess of $300m. A European counterpart, with arms 3 km long, is being built near Pisa by a combined French and Italian collaboration. There is also a German-British group building a 600-metre apparatus near Hanover, while a Japanese group has a 300-metre device. The expenditure on interferometry compares with the resonant-bar effort which has, perhaps, cost around one-tenth of the cost of LIGO for the entire three-decades-long worldwide effort. 22 LIGO was funded against great opposition, especially from the astronomy community, the funding decision-making process including a Congressional hearing. LIGO is the biggest programme ever funded by the US National Science Foundation, and American astronomers believed that it was bound to take funds away from their own efforts. In an informal survey conducted by an astronomer at the time of the Congressional hearing, American astronomers voted 4 to 1 against the funding of LIGO. Interferometry has also been opposed by astronomers in Britain. 
Gravitational-Wave Publications from the 1980s Onwards
Though, by 1975, Weber's claims were widely disbelieved, he did not give up experimental work, nor his belief in the validity of his earlier findings. A large part of Weber's career since those days has been devoted to justifying the early gravitational-radiation claims. Furthermore, he has one or two supporters. In the 1980s and 1990s, half-a-dozen or so papers compatible with his view have been published. It is the reception of these papers that I am going to discuss. I will analyze them under four dates, each marked by publications:
In 1982 a claim was made that coincidences had been seen between Weber's bar in Maryland and a bar belonging to a group based in Rome. 24 In 1984 Weber began a series of theoretical publications claiming that resonant bars had a much higher sensitivity than had previously been believed. 25 In 1989 a paper was published claiming that Weber's group and the Rome group had seen events coincident with the visible supernova that was seen in 1987. 26 In 1996 Weber claimed that his bar had seen gravitational-wave events that correlated with bursts of gamma rays coming from space. 27 We already know that around half the papers published in scientific journals are never cited by anyone -they just disappear without trace because they deal with small and uninteresting matters -but the Weberrelated papers are of a different kind. Had scientists taken the papers at their face value, any of them would have caused a revolution in physics; on the face of it, any of them could have merited a Nobel Prize.
I am going to describe the reception of these papers in a sequence that captures the logic of my argument rather than in the order in which they were published. I first look at the most recent -the 1996 publication -and then move all the way back to the 1982 paper. Both these publications were ignored: they were treated as interpretatively dead. I then move to the meat in the temporal sandwich, looking first at the 1989 supernova paper which, being heavily criticized from the outset, represents the clearest anomaly. I then look at the theoretical claims that began in 1984: these were born in a vegetative state, to emerge from their coma a few years later when they became the subject of criticism.
1996: Coincidences with Gamma-Ray Bursters
In 1996, some 21 years after the search for HighVGR had been abandoned by the scientific community as a whole, Weber published a paper claiming that his disputed gravitational-wave detector coincidences were themselves coincident with 'gamma-ray bursters'. Gamma-ray bursters are one of the strangest astronomical discoveries of recent years. It appears that the Earth is bombarded, roughly once a day, with an intense burst of gamma rays. The sources of these beams are distributed across every part of the sky, and this suggests that they do not come from our galaxy. Because of their strength and apparently 'non-local' origin, the sources of these bursts are a puzzle, but cosmic catastrophes of some kind, such as the collision of two neutron stars, is one favourite hypothesis. Such scenarios are also a favoured source for gravitational waves. It is tempting, therefore, to try to correlate the gamma-ray bursts with gravitational waves, the only trouble being that hardly anyone thinks that gravitational waves from distant sources are strong enough to detect with existing antennae. 28 Though Weber invented the resonant-bar technology for gravitationalwave detection, others were to improve it. The generation of bars that have been built to supersede Weber's are cooled to a few degrees above absolute zero so as to suppress more of the background noise. In the early 1990s, some attempt was made to correlate the gamma-ray bursts with the output of these 'cryogenic' detectors, but nothing was found (these results were never published: I know about them from discussion). In 1994, Weber himself obtained a small grant to look for correlations between his signals and the bursts. He appeared to find such a correlation, and the results were published in the Italian journal, Il Nuovo Cimento. 29 This paper claimed that there were only six chances in 100,000 that the results were due to chance.
In terms of my argument, the reception of this paper is the cleanest case of all. Here was a paper promising to link (and partially solve) two of the great astronomical enigmas of our time -gamma-ray bursters and gravitational waves. What impact did the paper have? Quite simply, up to the end of 1998, apart from the editor of Il Nuovo Cimento, I could not find a single person who had read it. Out of around 26 persons questioned, I managed to find seven who had heard of its existence in a vague kind of way. 30 In many ways these seven represent the most remarkable phenomenon, for they knew of the existence of this potentially stunning finding in their own field, but did not think the paper worth reading. 31 Let me repeat: in two years of travelling around as a quasi-participant in the gravitational-wave circuit I could not find a single person who had read the paper! It goes without saying that I never came across anyone discussing the paper in corridors, conference presentations or cafés. Effectively, within the core-group of scientists the paper was invisible. Unsurprisingly, the SCI reveals no citations to the paper (up to the middle of 1998).
Let me describe who was asked about the paper. I asked one person who was not in the gravitational-wave core-set or core-group. He was, however, one of the most important scientists in the world working on gamma-ray bursters. He had never heard of the paper. I spoke to the two principals at NASA involved in funding Weber's gamma-ray coincidence research, and who had supplied the gamma-ray burst data which provided one side of the correlation. One of these knew that the paper was out, but had not read it. I supplied him with the reference; the other said he knew nothing of it. They both asked me to tell them whether their names were on the paper (this was in May 1998). I asked the NSF Program Director for Gravitational Physics, I asked the author of the principal textbook in the field of gravitational-wave research, and I asked the Director of LIGO: none of them had heard of the paper, or of the work; none of them was either suprised or particularly interested when I told them about it. While giving a talk in a university physics department which is one of the most important in the world in terms of the theory of gravitational waves, a member of the audience, himself a very significant theorist, told me that he had heard of the paper, but had not read it. I was able to remark to the audience that this was 'sociology in action'. This kind of experience has been repeated subsequently. 32 This is an extraordinary state of affairs, and yet one that is readily comprehensible. When I remarked to scientists that I was astonished that such a paper should appear without anyone knowing of its existence, they merely shrugged. It is simply that over the years Weber's work has become so marginalized in the core-group that no one any longer cares about it, or about its potential impact.
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The 1982 Coincidences 34 Fourteen years earlier, in 1982, a paper was published claiming that a statistically significant number of coincident excitations had been found between the detectors belonging to the groups led by Guido Pizzella in Italy and Weber in Maryland. Since the Maryland detector was a roomtemperature device, and therefore generally believed to be insufficiently sensitive to detect low-visibility gravitational waves, this paper effectively supported the high-visibility claim. The paper was published in the prestigious American journal, Physical Review D. Quite properly, the paper did not claim that these findings represented gravitational waves, only that they showed coincident disturbances caused by some unknown source. Nevertheless, the implication was clear even if the 'evidential context' had not been fully spelled out. 35 The last paragraph of the paper concluded that the excess of coincidences over noise was associated with a significance level of 3.6 standard deviations.
It is important to understand the importance of coincidences between two detectors. 36 Given that any detector will always be noisy at the kind of sensitivity required for gravity-wave detection, there will always be a problem of separating signal from the background of peaks of energy that will occur at random. The most important way of trying to separate one from the other is to look for coincident energetic peaks taking place on detectors that are at a great distance from each other. It is hard to think of an 'uninteresting' cause that could give rise to coincident effects on widelyseparated detectors, thus such coincidences are worth reporting even if one does not make the explicit claim that they represent gravitational waves.
The 1982 paper reported coincidences between detectors separated by more than the width of the Atlantic Ocean.
Like the 1996 paper, the 1982 paper fits the 'interpretative death' model well, if not in quite such a marked fashion. In spite of the fact that the paper was published in a prestigious mainstream journal, it was never challenged. According to the SCI, up to mid-1998, the 1982 paper has been cited only three times. The only citation that appeared near its date of publication was a critical comment in an empirical paper refuting earlier work, which just happened to get published as late as 1982. 37 The other two citations are recent: one was in 1995, in a paper published by members of the Italian group, 38 some of whose other members shared the 1982 authorship with Weber; one was in Weber's own 1996 paper described above; effectively, these are self-citations.
We can gauge the lack of impact of the 1982 paper from scientists' recollections of it. From 1995, I started asking scientists about that paper. The following quotations are taken from six interviews with gravitionalwave researchers who began working in the field in the 1960s or 1970s, and are still active. The '82 one -they had an excess of coincidences -I don't remember it much, much more attention was paid to the stuff on the supernova 1987A which came later, but I do remember, remember, that -not well.
Collins: So, I mean, from the fact that you don't remember it very well it sounds as though it didn't have a big impact on the community. Respondent 3: It didn't have much impact on me. I'm afraid that I am much influenced by theorists' prejudices about what is plausible out there, and also by the degree to which this field has shown an ability to show excess coincidences when, in fact, much deeper examinations later showed that they were not there, and I was just sceptical of this at the time. It didn't really smell likely to be real gravitational waves, and so while I recall it being presented, probably I first heard it presented at the Texas symposium on relativistic astrophysics in Chicago, which would have been around '82, or so, and I discussed it with people at the time, and I just wasn't ready to get excited by it. We see that none of these respondents could remember the level of statistical significance reported in the 1982 paper, even though they were deeply involved in the field at the time. We also see that some of them tended to confuse my queries with the much later and much higher salience 1989 paper concerning supernova 1987A, which we will now discuss.
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These remarks contrast nicely with the comments of another scientist whom I met by chance. The Marcel Grossman relativity conference is a large meeting that attracts physicists interested in all aspects of general relativity. Over breakfast at the meeting in Jerusalem I found myself chatting to an alien. This scientist, who was not directly involved in gravitational-wave research, volunteered his view of the 1982 paper. He had read it 'cold' in the Physical Review, and found it entirely convincing. It had, as far as he was concerned, settled the matter: gravity waves had been detected by resonant bars.
1989: Supernova 1987A
The reception of a paper published in 1989 is at the opposite end of the scale to the reception of the 1996 paper. Again, this is a very 'clean' case, and if the interpretative-death model is correct, its reception requires special-case explanation.
In 1987, an extraordinary astronomical event took place -the light from an exploded star in a nearby galaxy was seen from Earth. This was 'Supernova 1987A', according to the astronomers' classification system. Nearby supernovae are among the events that should generate fluxes of gravitational radiation which might be directly detectable by gravitational antennae. As it happens, and this remains one of the great scandals of the gravity-wave field, none of the cryogenic bars was running at the time, and so what were purported to be the most sensitive antennae missed what could be the best opportunity to see gravitational waves this century. 40 The only bars 'on the air' at the time were Weber's room-temperature detector, and an old detector belonging to Guido Pizzella's group in Italy, also running at room temperature.
Examining and analyzing their data, Weber, Pizzella and their coauthors concluded that they had seen coincidences between their bars which were themselves coincident with the flux of neutrinos emanating from the supernova. 41 A paper recording the events was submitted to Physical Review D. In terms of the 'interpretative death with lingering life for publications' model, we see the first unusual event: the paper was rejected. It was, however, subsequently published in Il Nuovo Cimento. 42 On the face of it the paper, published in 1989, concerning supernova 1987A, is not much different from the 1982 coincidence paper. The paper claimed that coincidences had been seen on two room-temperature (that is, according to the orthodox view, somewhat insensitive) detectors which, after a few adjustments, correlated with the flux of neutrinos emitted by supernova 1987A. The neutrino fluxes had been seen by neutrino detectors at a level that was roughly consistent with conventional theoretical expectations, but should the bars be responding to gravitational waves it made no theoretical sense because, again, far too much energy must have been emitted by the supernova. The same two groups were involved as in the 1982 publication, with the same two principal authors. The same kinds of low evidential significance disclaimers were included. 43 Thus the 1982 paper said:
It should be stressed that there is not now sufficient information about either backgrounds or sources to confront observations with theoretical predictions from gravitational radiation theory. This is because the observation of a small background of coincidental excitations tells us nothing concerning the origin. Detection is statistical. There is no way of separating the coincidences which are due to chance and those due to external excitations. And we cannot be sure what fraction of the external excitations are of terrestrial or nongravitational origin . . . . Only when the nature of the backgrounds is understood will it be possible to employ the antennas for gravitational radiation astronomy. 44 The 1989 paper included the calculation that the energy required if the signals recorded were gravity waves corresponded to the 'abnormal figure' of 2400 solar masses. (A reasonable figure in terms of standard theory would be a fraction of a solar mass.) What this means is that orthodox theory was being endorsed in the paper, rather than Weber's and Preparata's (see below) new theory of detector sensitivity. Both in its honest admission that the flux was 'abnormal' -that is to say, unbelievable -and in its implicit endorsement of the orthodox theory, the paper was much less outrageous than it might have been. The paper went on to say:
The objection mentioned above about the amplitude of the signals recorded by the g.w. [gravitational wave] antennas still remains. . . . But the existence of correlations appears to us so well founded from both the observational and the statistical points of view that we publish them, with the proviso that when we talk of g.w., or even of neutrinos [the direct influence of which were a putative but equally unlikely cause of the coincidences], we refer to the events recorded by the corresponding detectors, without neither presuming nor excluding that a part or all these events are actually due to physical g.w. or physical neutrinos. 45 In spite of this broad similarity of content and level of claim, the reaction to the 1989 paper was very different from that to the 1982 paper.
The first difference, as I have mentioned, is that Physical Review D, which published the 1982 paper, rejected the 1989 paper. This rejection followed a second submission which attempted to deal with the extensive criticisms of the first set of referees. Perhaps not too much should be read into rejection taken on its own, because editorial and refereeing teams change, and there is a lot of noise in the system. Among my respondents were some who would never agree to the publication of a paper which they considered to be incorrect, while others said their duty stopped at advising authors of what they perceive to be their mistakes. I asked a respondent to comment on the publication of this paper. true and you suppress it, it's terrible. If it's false, and these guys are not saying they're seeing anything, they're saying they have a problem then, in the end, if the problem is that they're stupid then that comes down on their head. And when something becomes controversial, I'd say that's the most responsible way to deal with it. Collins: OK, but Phys Rev D --Respondent A: It probably went through lots and lots of cycles with reviewers to get the appropriate language for parts -I think -go ahead. Collins: I mean but Phys Rev D didn't publish the supernova paper. One of the things I'm trying to compare is the reception of the 1982 paper and the supernova paper a few years later. Respondent A: Er -the supernova paper said that they saw gravity waves? Didn't it? Is that right? Collins: Er -I think it said they saw excess coincidences. Respondent A: Excess coincidences -ah ha -[slightly embarrassed laughter]. Well -[long pause] -yeah, I suspect I know who the reviewer was at Phys Rev. And he was -it was so unbelievable. There, you know, for a supernova it's very hard to get radiation out. And there were a variety of flaws with it -you know, the timing, the relative speeds of gravity waves and neutrinos and light. Er -yeah. We-ell, OK, I don't -I think there may have been an earlier version of the paper that said they were seeing gravity waves, and it may have gotten toned down by the time it was actually published. . . . In spite of some scientists' view that those who stick their necks out ought to be published, one might still argue that the 1982 paper was lucky in its referees and the 1989 paper was not. I have seen the three anonymised referees' reports on the resubmitted paper (apparently the paper went back to the original referees). Two reports were forthright rejections, while the third was a 13-line response which confesses to 'the troubling nature of the manuscript' and 'agonizing over what to say about it'. This referee also wrote as follows:
The problem is that I really do not believe the results. Yes, the authors have largely attempted honestly to answer the criticisms. I have a few quibbles still . . . [but] . . . the larger problem is that I do believe that the results presented by the authors are in some way fundamentally flawed.
Yet the outcome of the refereeing process was consistent with subsequent events.
Having been rejected by Physical Review D, the paper was published in Il Nuovo Cimento;
46 this journal has a more 'collectivist' publication policy, which many American scientists consider has reduced its prestige. 47 One eminent respondent told me:
Phys Rev D is the journal, journal of preference for this field by a very large margin, and that's where people look for things. That's where the original 87A paper should have been published.
He also said:
Nobody pays attention to Il Nuovo Cimento these days. These things are sociological I guess [laughter]. There is not much of interest published there any more. 48 But now events take on a still more distinctive complexion compared to 1982. Even though the paper had been pushed into what was perceived as the 'marginal' Il Nuovo Cimento, the 1989 paper was attacked in print and, surprisingly, the attack was published by Physical Review D. 49 So Physical Review D had refused the positive paper after two submissions, seen the paper 'sidelined,' yet were still willing to publish a refutation. To publish a refutation of a paper published in a different journal is odd -why did not the editors tell the authors to submit their rebuttal to Il Nuovo Cimento?
Most physicists, whether inside or outside the field of gravitationalradiation research, consider this sequence of events to be unusual and unfortunate, irrespective of whether they think the original paper was right or wrong. One important physicist who was strongly in favour of the publication of the Dickson and Schutz rebuttal told me that it would have been better if it and the original 1989 paper had both been published in Physical Review D.
. . . I think there was great interest in and great importance in Schutz's paper to the community and in the community that I think there is strong feeling that that kind of paper -as well as the original paper -ought to be in Phys Rev D.
Finally, the original authors wrote a response to the published critique, and submitted it to Physical Review D: it was rejected. The one anonymous referee whose comment was used to justify this decision to reject wrote:
. . . Even if there was something interesting in this analysis, the atmosphere on this topic has been so poisoned and the tone of this latest contribution is so polemical that no-one will believe it. The authors must begin to realise this; further writing on this topic will only erode their reputations, without advancing in the slightest our knowledge of the issues.
Why the 'poisonous atmosphere'; why was the 'polemic' ever allowed to get going, since it takes two to make an argument?
Eventually the response to the rebuttal was published as an internal report.
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The Response to the 1989 Paper and Big Science
The strong reaction to the 1989 paper, as compared to the total absence of reaction to the 1982 claims, and to Weber's 1996 paper, has to be explained. I suggest that it can be explained in terms of background developments in the field of gravitational-radiation research -namely the tension over the funding of the Big Science of interferometry. From the mid-1980s to the mid-1990s, gravitational-wave detection was changing from a field of deep interest to a relatively small number of laboratorybased scientists, to a field which involved big money and important politicians. It changed, then, from a field in which a few deeply concerned scientists could be expected to draw the 'right' conclusions as a result of their socialization into the core-group, to a field in which outsiders -the unsocialized policymakers and astronomers -had an interest. As a central respondent, Bernard Schutz, put it:
. . . the field was just becoming reputable again as we were pushing the interferometers as respectable, as having a respectable chance of getting to the right sensitivity and so there was a lot more money at stake now. Funding agencies were beginning to say we could imagine spending a lot of money on this. To have a bar detector group come up and say that they had seen gravitational waves, then to have that shot down in flames would probably have been very damaging to the prospects of extracting money from funding agencies for the interferometers. . . . And what I didn't want to see was that that would become an issue and give the field a bad name. Because it seemed to me it would affect the funding but not because people felt in a sense that interferometers were doing something that could be done more easily by somebody else, but in the opposite way, that interferometers were participating in a field that was full of crazy people.
Schutz's comment makes it clear that he was not worried about the prospect -which I had put to him -that a success for the cheap resonant-bars would make the expensive interferometers look redundant, but about public humiliation. He felt that an incredible claim that was published and not seen to be refuted by the gravitational-wave community itself would give ammunition to the enemies of the whole field of gravitational research who populate the second ring of the target diagram -the scientists who feared they would be starved of funds by the interferometer effort. 51 As Schutz said:
And I met many of my astronomy colleagues who were by nature opposed to the idea anyway, and who would have been very happy to have been able to point to my bar colleagues as examples of bad scientists who -you know: 'If there are these guys in gravitational waves doing that how do we know your other colleagues in the interferometry field are not going to be just as crazy. And we put all this money into something and maybe you see something maybe you don't but how do we know when you come and claim to have seen something that you're not just as crazy as everyone else'. . 
. Interestingly Phys
Rev didn't want to publish the paper in the first place, not because there was anything wrong with it, but because it was a criticism of work that had not been published in Phys Rev to start with. . . . And Phys Rev just wanted to wash their hands of it -they didn't want to be involved in this. And [the principal scientist] wrote a letter to the editor supporting [the] assertion that this was a global issue, not one to do with bad selection of articles for journals, but one that clearly affected the United States because of LIGO, and that it was appropriate for Phys Rev. So Phys Rev did publish it.
Earlier I posed a question: Why did the editors of Physical Review not tell the authors of the rebuttal of the Il Nuovo Cimento paper to submit it to Il Nuovo Cimento? The answer is that they did! In a letter dated 23 June 1992, the editors wrote:
It would be appropriate for your work to appear in these journals which contained the papers being criticized rather than in Physical Review D which has published none of this work.
The editors, however, were persuaded to change their minds. A letter was sent to them by Schutz, the principal author of the rebuttal, pointing out that many American-based gravitational-wave scientists had told him that they were anxious to see the rebuttal in print. He also pointed out the fundamental nature of the disagreements, and that the 1989 paper was being taken by Weber to bolster the idea that 'new physics' was needed to understand gravitational-wave detectors. A second letter supporting publication was sent to the editors by one of the leaders of the LIGO effort (15 November 1992). These last extracts can act as the conclusion to this section. The 1989 paper was met with a strong published reaction at least partly because of the nascent Big-Science background and fear that it might be stillborn because of the influence of the outsiders in the second ring of the target. Some members of this set of outsiders might be well enough informed to understand the state of play within the core-set -they would know that Weber and his allies were marginal -but they could still use unrefuted publications in a political way. They could use the existence of such publications to damage the reputation of the field as a whole.
Onwards: The New Cross-Section
In the early 1980s, Joseph Weber began to present a new theory of the interaction of gravitational waves with resonant-bar antennae. This theory was first put forward in a journal paper and at conferences. 54 Weber claimed that the interaction between gravitational waves and resonant-bar detectors was far stronger than had previously been believed. In physicists' language, Weber claimed that a resonant bar presented a far larger 'crosssection' to incoming gravitational waves than current theories implied. The idea was to use quantum theory to recalculate the interaction between the atoms in the crystalline parts of solid material and weak forces that impinged upon them.
The model of an antenna as an ensemble of interacting particles has a much larger cross-section than a classical continuous elastic solid of the same mass and dimensions. 55 Weber was suggesting that the elements of a solid acted in a more coherent way than had previously been believed, so that much of the substance of a bar could act in concert when the bar was impacted by a weak force. Coherence is more typical of the behaviour of atoms in a maser or laser than of atoms in an ordinary solid. On the basis of the old ideas about cross-sections, Weber's findings implied that far too much of the mass of the universe (many orders of magnitude too much) was being converted into energy in the form of gravitational waves. Weber's new theory, by suggesting that his apparatus was far more sensitive, resolved the discrepancy: he included the phrase 'Resolution of Past Controversy' in the title of his 1991 Erice Lecture. 56 To understand the pattern of citations to the new cross-section papers, one has to know something of the science. The cross-section business is complicated by the fact that Weber's new theory applied not only to gravitational waves but also to neutrino detection -a very different field. Weber's 1984 paper covered both neutrinos and gravitational waves, though subsequent publications deal with each separately. Thus the conference papers of 1986 and 1991 deal only with cross-sections for gravitational waves, while two papers published in Physical Review deal with crosssections for neutrinos. 57 In fact Weber's 1984 paper has attracted 12 citations in its lifetime, but the first three (all in papers published in 1987) refer only to the neutrino material. These papers are critical, but they do not emerge from the gravitational-wave community; that community did not respond until later. By 1987 there were no less than seven published rebuttals of Weber's claim about the cross-section for neutrinos, as presented in his two papers published in 1984 and 1985, but these came from the neutrino community.
I conducted telephone interviews with the authors of the rebuttals of the neutrino claims, and most of their remarks fit the model presented here. One remark from a neutrino scientist makes the point succinctly. I asked him to comment on the comparison between the gravitational-wave papers, to which there was no reaction, and the 1985 neutrino paper, which was rebutted seven times. He said:
The gravity waves -everyone's tired of hearing about it, and there were too many counter-arguments. So if somebody publishes something about gravity waves, it's gonna be small. In our case, it was the first we had seen of this; everybody saw it at the same time; they published it. Now -as you notice -I haven't even noticed [the subsequent, 1988, neutrino paper].
We see that for the gravitational-wave community the new cross-section claims, at this stage of their life, were interpretatively dead, while for the neutrino community the claims in respect of neutrinos were still new and worthy of rebuttal.
The first criticism of the claims based on the 1984 paper and coming from the gravitational-wave community was not published until 1988. It seems, then, that the response to the papers presenting the case for an enhanced cross-section for gravitational waves comes in two phases. When the claim was first announced, it did not attract a lot of opposition -this came a few years later. In other words, the first few years of the crosssection claim exhibit interpretative death (as was the case for the 1982 paper), and it is the subsequent opposition to it that represents the anomaly. Once more, we can use physicists' recollections to support thisThese respondents, as with the ones that follow, had hardly registered the existence of the cross-section claim before it became important for a much larger debate. Something similar is seen in the following two interview extracts.
Respondent iii: It's [the 1987A claim] compounded by the fact that at the time Weber had come up with a new theory of the cross-section of a gravitational-wave antenna, which I think was really absolutely wrongthat his calculation was flawed. And that would have been needed to explain if you believed the signals were real, if you believed they were gravity waves from supernova 1987A, would have likely required this cross-section, but I think it just made no physical sense at all. What I am trying to show here is that respondents have no memory of the fact that the cross-section claim was around three to four years before the SN1987A claims began to be made. In other words, within the gravitational-wave community, this paper too was invisible enough not to be remembered until its association with later high-profile events made it salient.
I am arguing that, within the core-group, the transformation of the theory from an interpretative corpse to a dangerous enemy had to do, once more, with the transformation of gravitational-wave detection from a small science to a Big Science. A first sign is that in 1988 an Italian theorist, Giuliano Preparata, was asked to look into the Weber theory. He concluded that it was incorrect, and he began to make this clear at conference presentations. Preparata published his negative comments speedily, also in 1988, in Il Nuovo Cimento. There he wrote:
Our conclusions share the simplicity of the calculations performed in this paper.
For the case of a realistic gravitational antenna, we have seen that its response to an incoming gravitational wave is accurately described by the classical analysis . . . the quantum calculation presenting no appreciable difference.
On the other hand, quantum mechanics does provide in general a dramatically different description of the interaction between wave and antenna, as Weber contends, but this deviation is only relevant for wave frequencies more than a billion times higher than those involved in a realistic gravitational process. Thus, Weber's point, though correct, is unfortunately seen to be physically irrelevant. 58 In a dramatic twist, Preparata thought through Weber's ideas again, and decided that though the theory was not properly cast, Weber's overall conclusions were correct. Thereafter, Preparata changed sides, and has since become Weber's strongest supporter and a principal proponent of the idea that quantum coherence has macroscopic effects of the sort that Weber was claiming. 59 Preparata has subseqently published papers in physics journals, and in edited volumes, putting forward his own theory of 'coherent effects'. 60 As a result, Preparata became very speedily and thoroughly marginalized in respect of the gravitational-radiation coregroup. 61 The rest of the core-group did not share in Preparata's change of heart. One of the pioneers of LIGO, Caltech theorist Kip Thorne, also attacked the cross-section claim in public, though his attack was never published in a journal. Thorne, an admirer of Weber's path-breaking work, would have preferred not to confront him in public on the matter of the cross-section, but felt impelled to do so because of the potentially damaging effect on LIGO. In this case, the groups of outsiders who are the cause for concern are members of Congress who might have felt that the success of resonant bars made interferometry redundant. It should be added that, in July 1992, Joseph Weber wrote to a congressional aide to make this very point, suggesting that a properly instrumented bar costing $500,000 could be more sensitive than LIGO. 62 We were in the early stages then of the process of trying to get LIGO approved at NSF and then ultimately through Congress. And that process involved a much wider group of people than people who were experts in gravitational waves and relativity. . . . Because LIGO is such a big project, and the most expensive project that NSF has ever done, it was inadequate to just have me as a member of the community stand up and say that Joe was wrong and people within the community being pretty clear on it. They [the outsiders] could see that as well. He felt it had to be in writing so it could be shown to people in writing. Uhm, I was very reluctant to put something in writing in Physical Review, which would be the natural place. Again, I have a lot of respect for Joe as the pioneer of our work and he is in the late years of his career and has suffered a lot of personal pain in this field. I just didn't want to do that. And so I wrote a piece for a conference proceedings which . . . basically discusses the flaws in his analysis, and I let it lie at that. 63 Though Thorne did not publish his argument in a journal, another important gravitational-radiation theorist did. 64 I asked Leonid Grishchuk when he decided to publish a response to Weber's and Preparata's (later) cross-section ideas. He replied:
When it became clear that it creates difficulties. It creates difficulties in the sense that, though I always suspected that he was wrong, it did not create too much harm until he really started to lobby American Congressmen -I don't know the details, but I found from the literature and from the reaction of other people that it became not simply a scientific matter, but it was an argument -the implication was why should we build some larger systems while it is enough to work with these solid-bar antennas and actually to claim that it was already detected. So since I know that scientifically it cannot be true, and since it became politically important, I decided to write something. . . . Political motivation did play a rôle. It did play a rôle because I notice that people are getting interested, people are getting confused, and if I do not clarify this they may wrongly assume that this is the correct formula and probably would decide not to build LIGO for instance -you know -and so on. 65 Finally, and somewhat more tenuously, we can show less directly that at least some of the scientists involved in disputing the Weber cross-section claim were more concerned with the impact of their work on the outside world than with the science itself. Thus, in the paper of Dickson and Schutz, published in 1995, criticizing the Pizzella/Weber supernova claim, the authors included a footnote: 66 The claim that gravitational radiation detectors actually have a much larger cross-section than we have taken here, e.g. J. Weber, Found. Phys. 14, 12 (1984) , is wrong, as has been shown by Thorne, in Recent Advances in General Relativity, proceedings of a conference in honour of E.T. Newman, edited by A. Janis and J. Porter (Birkhauser Boston, in press), and L.P. Grishchuk, Phys Rev D 50, 7154 (1994); and so does not offer a way out of these problems.
Note that, in this footnote, Dickson and Schutz do not refer to either the old or the new Preparata, but only to Weber. Note also that they get the reference to Grishchuk's critical paper wrong: the paper they refer to is something else entirely, published some two years later. This suggests that they were not engaged in a close reading of the Grishchuk paper when they wrote their footnote, and that, for them, these papers were seen as what we might call 'political markers'. A political marker is a paper which may not itself be read carefully -except by those it criticizes -but which can serve a political purpose by being spoken about. Policymakers and other outsiders who may have been told that such-and-such a technique can detect gravity waves for one percent of the cost, or that such-and-such a bizarre claim shows that the gravity-wave community is still not to be trusted, can reply that the technique or the claim has been definitively shown to be wanting in the Physical Review, and 'Here is the reference'. Not every consumer of a scientific paper has to read it! Tantalus wins again.
Furthermore, we can note the complete absence of acclamatory references to Preparata's 1988 critical paper. Ironically, Preparata was the first to publish a refutation of Weber's gravity-wave cross-section claims in the international journals, but Preparata's analysis was rendered useless for political purposes because he had changed sides by 1989! It might also be worth noting that neither Thorne, nor Dickson and Schutz, take on Preparata's later support for Weber. 67 Thorne's analysis of the cross-section, and Dickson and Schutz's mention of it in a footnote, refer to Weber alone, even though Preparata's analysis came later and was, arguably, more technically advanced. Again, it might be that, writing from Italy, and using his new analysis to support cold fusion as well as enhanced cross-sections for gravitational-wave detectors, Preparata was considered too marginal a person to need explicit refutation for the sake of the outsiders: the important outsiders were not going to take him seriously, even if they knew of his existence.
We can get some indication of the relative degree of recognition of Preparata and Weber from the replies to an email questionnaire which I sent to those who attended a conference on gravity waves in Pisa, in the spring of 1996. Of 29 replies, 12 were from Italians and 17 from nonItalians. Respondents were asked questions about Weber's and Preparata's ideas about cross-sections. They were given the option of answering that they did not know what I was referring to. In respect of Weber's claims, two out of twelve Italians did not know what I was referring to, as compared with three out of seventeen non-Italians -roughly the same proportion. In respect of Preparata's theory, however, while four out of twelve Italians took the 'don't know what you are referring to' option, eleven out of seventeen non-Italians confessed to it.
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Subsidiary aims
This paper had three subsidiary aims. As to the first, I have tried to show how SSK can illuminate a passage of scientific history. In this case we need SSK to explain why, after 1975, some of the papers by Weber and his colleagues were ignored, and some were attacked. The second and third subsidiary aims were to show, once again, that the published paper, taken on its own, is an unreliable resource in the history of science, and that citation analysis can be misleading when used at a low level of aggregation. These points have been made for more than a quarter of a century, but still seem to need reiterating. Both historians and bibliometricians have held, and sometimes still seem to hold, implicit theories about the rôle of 'the publication' within science which have encouraged them to make it too salient a resource. Indeed, one analyst has recently claimed that the publication is the most accurate resource for the historian of science, because it represents the distilled opinion of the scientist, whereas interviews may gather only ill-considered impressions. 69 In so far as there is still a debate about these matters, the findings presented here show that to treat the paper as a unit of scientific knowledge is a risky enterprise because patterns of publication, even in prestigious journals, do not reflect patterns of influence. I have tried to raise this in graphic form by my opening suggestion that readers should compare the view of members of the core-group of a science with the view of an alien from another planet. The most startling aspect of the mismatch between publication and influence is the invisibility of certain published papers which, nevertheless, appear to make claims of enormous potential scientific significance. An outsider reading such papers would have no idea how little they meant for the scientific community.
Citation analysis may tell us something about these issues, and I have drawn upon the SCI in my argument, showing that the two papers that were ignored by the core-group -those published in 1982 and 1996 -were hardly cited at all. But citation analysis can also be an unreliable indicator of core-group opinion. Thus, the SN1987 paper (published in 1989) has been cited 24 times, whereas the critical paper by Dickson and Schutz, which, so far as the core-group was concerned, dealt it a mortal blow, and fulfilled a crucial political rôle in the funding of the interferometers, has no citations at all recorded in the SCI! Just to make matters more confusing, Grishchuk's paper, which was also critical of the cross-section claim, has been cited twelve times, 70 whereas Thorne's proceedings paper, which everyone agrees was far more influential in respect of the argument about gravitational waves, has been cited only four times. 71 
Science policy
This analysis is not simply of importance for the historiography, sociology, and bibliometrics of science. It also provides a background for understanding aspects of science policy. Funding agencies can be organized along different lines, drawing their members more or less from the coregroup. As I have said, the US National Science Foundation is an interesting case. The interventions of the NSF Program Director for Gravitational Physics have been noted extensively, and in each case he acted as a member of the core-group rather than as an outsider: indeed, he is seen advising scientists funded by the NSF on how to avoid 'the outsider problem'. In the NSF, decisions are very much controlled by powerful programme directors who are active scientists themselves, with relevant expertise. 72 In terms of our diagram (Figure 1 ), NSF project leaders straddle the core-group and the third ring. On the other hand, other funding agencies in the USA, such as the Department of Defense, or NASA, organize their funding in different ways. As I will show in future publications presenting the results of this project, they provide a source from which a science which has been rejected by the core-group can obtain funds. Depending on how one wants to argue the case, this pattern either provides strength through pluralism, or weakness through lack of expertise! In the UK, there is only one source of funds for work of this kind: the Research Councils. Here decisions are made by committees of peers. This compromise represents neither the deep expertise of the NSF model, nor the more open system of the other funding agencies. Again, one might argue that this is a poor arrangement or a typically sensible British compromise. In the case of gravitational-radiation research, it does seem to have led to those in the second ring having great, unmediated, influence in the funding decisions, and thus in cutting down the funds provided by the UK for the British-German effort to around one percent of the sum provided by the US Congress for LIGO. 73 
Main aim
To turn to the main aim of this paper, I have provided a model for understanding the changing visibility of papers making rejected claims. I have suggested that once credibility has been lost, the radical claims of a scientist are largely ignored within the core-group; this is 'interpretative death'. I have argued that this is one solution to 'Tantalus' Problem' -the logistical and logical impossibility of using what are conventionally thought of as 'scientific methods' to suppress every radical claim to the point of extinction. I have shown that in some cases interpretative death does not affect the ability to publish, and I have said that post-closure publications have a kind of vegetative existence: as far as core-groupers are concerned, though publication life continues, the scientific soul has departed. (Though the papers may be seen, by others, as still full of every kind of fecund life.)
In certain circumstances, however, interpretatively dead papers emerge from their coma. One such circumstance has been described in this paper. It happens when non-core-group members, whose interpretation of the published papers cannot be guaranteed by the core-group, become important. In this case, outsiders became important between 1985 and 1995 because gravitational-wave detection was turning from a small science to a Big Science, and this brought them into the funding debate. In the case of the papers combatting the SN1987A claim, the crucial outsiders were astronomers and other hostile scientists in the second ring of the target diagram. In the case of the cross-section claims, they were taken to be members of the US Congress, who are found in the third ring.
To sum up my main aim, I have tried to show how the interpretation of certain scientific papers varies with the 'layer' of the scientific community which is receiving them; and how this interpretation can be affected by the changing institutional context. I have also shown how the inner circle tries to control the interpretations available to the outer circles when the institutional circumstances demand it. 74 
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